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Abstract  

Introduction: In this study, the effects of the ethanolic extract of aerial parts (stem and 

leaves) of Smyrnium cordifolium (S. cordifolium) Boiss on the ethylene glycol(EG)-induced 

kidney calculi in rats was investigated. 

Materials and methods: Thirty-six male Wistar albino rats were randomly divided in 6 

groups. Group I (normal control), Groups II (control of EG) to VI received EG 1% v/v in 

water for 28 days. Animals in Groups III and IV (preventive groups) received ethanolic 

extract of stem and leaves of S. cordifolium in 200 mg/kg and 400 mg/kg orally in water for 

28 days, respectively. Groups V and VI (treatment groups) received extract in 200 mg/kg and 

400 mg/kg orally in water from 15th to 28th day, respectively. 

Results: Results showed that the level of urine oxalate, blood urea and creatinine in EG 

group vs. normal control significantly increased (P<0.001). Extract did not show significant 

effect on urinary oxalate, urine volume and other blood biochemical parameters in the 

treatment groups (V and VI). Provision of extract resulted in significantly lower levels of 

urine oxalate and higher level of volume, serum creatinine and blood urea in III and IV 

groups as compared with Group II (P<0.05). 

Conclusion: These observations enable us to conclude that the ethanolic extract of aerial 

parts of S. cordifolium Boiss is effective against EG induced urinary calculi in rats. 
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Introduction 

Urinary calculi are the third prevalent 

disorder in the urinary system, which may 

cause obstruction, hydronephrosis, 

infection, and hemorrhage in the urinary 

tract system (1).  The risk of developing 

urinary calculi in adults appears to be 

higher in the western hemisphere (5–9% in 

Europe, 12% in Canada, and 13–15% in 

the USA) than in the eastern hemisphere 

(1–5%) (2). However, approximately 75% 

of stones are primarily calcium oxalate (3). 

Extracorporeal shock wave lithotripsy, 

percutaneous lithotomy, transureteral 

lithotripsy, and even laparoscopy are 

widely used to remove the calculi. 

However, using these invasive procedures 

is not cost effective and may also lead to 

severe complications.  Thus, more efforts 

are needed to better assess medical therapy 

and to develop new agents that can be used 
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either alone or combined to prevent stone 

formation more efficiently with fewer 

side-effects. Therefore, it is worthwhile to 

replace these conventional treatments with 

medicinal plants or phytotherapy. Medical 

plants are used worldwide and there is an 

increasing interest in research in this area 

to provide a scientific basis for their 

beneficial effects (4-9).  

Ethylene glycol (EG) has two toxic 

metabolites; glycolic acid, which is 

responsible for the acidosis, and oxalic 

acid (10). The toxic effects increase free 

radical production and lipid peroxidation.  

Smyrnium cordifolium is one of the range 

plants in native pasture in mid-south of 

Iran especially in Kohgiloyeh and Bovir 

Ahmad province (southwest of Iran). 

Genus Smyrnium belongs to Umbelliferae 

family and is used by people as an herbal 

medicine in treatments for internal organ 

edema, especially in bladder and kidney 

problems. The roots, stems and leaves 

contain strongly odored phenolic essence. 

Stem and leaves of S. cordifolium are used 

traditionally for treatment of kidney stones 

in Iran (11). In another study reported that 

essential oils obtained from stem leaves, 

roots and fruit of S. cordifolium have 

antibacterial effects, which they claim are 

due to the large amounts of sesquiterpene 

hydrocarbons such as curzerene, 

curzerenone and germacrone (12). S. 

cordifolium is a native of Iran and eaten as 

a green by some people in west part of 

Iran. It is often used internally for bladder 

and kidney swelling (11).   

Though, it is used as a folk medicine for 

treatment of renal calculi, its effectiveness 

and mechanism as anti-urolithiatic agent is 

still unknown. We have described in this 

study preventive and treatment effects of 

renal calculi.  

Materials and methods  

Thirty-six male Wistar albino rat (250-350 

g) were randomly divided into six equal 

groups. Group I received water and served 

as normal control. Group II to VI received 

EG 1% v/v in water for 28 days. Group II 

served as EG control group. Animals in 

Group III and IV (preventive groups) 

received ethanolic extract of stem and 

leave of S. cordifolium in 200 mg/kg and 

400 mg/kg orally in water for 28 days, 

respectively. Group V and VI (treatment 

groups) did not receive extract for first 14 

days. These groups received extract in 200 

mg/kg and 400 mg/kg orally in water from 

15th to 28th day, respectively (13). 

Twenty-four hr. urine specimens were 

collected on day 0 and 28 of the study by 

keeping each rat in separate metabolic 

cage. Urine volume was measured and 

kept under refrigeration (2-8 °C). Urinary 

oxalate was measured by oxalate kit by 

spectrophotometer. Blood samples were 

collected from heart on day 28 and 

serological parameters for renal functions 

were measured.  

The animals were sacrificed soon after 

blood collection under the continued effect 

of anesthesia. Both kidneys were removed 

and were fixed in 10% neutral buffered 

formalin for at least 48 hours. Then, tissue 

samples were embedded in the paraffin 

block. Sections in 5µm thickness were 

stained with hematoxylin-eosin and 

evaluated under optical light microscope. 

Statistical analysis  

One-way ANOVA and post-hoc Tukey 

tests were used for analysis of serum and 

urine parameters. The non-parametric 

Kruskal-Wallis test and Mann-Whitney U 

test were used for comparison of CaOx 

deposites. P values of less than 0.05 were 

considered statistically significant. Data 

were expressed as mean ± standard error 

(SEM).  

Results 

Urinary parameters: There was no 

statistically significant difference in 

urinary volume and oxalate in all the 

groups on day 0. Urinary oxalate was 

significantly increased after EG 

administration. Urine volume was 

significantly decreased by EG in group II 
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(P<0.05). Urine volume in the preventive 

groups was increased but not significant 

and in treatment groups was significantly 

increased (Table 1, P<0.05). A significant 

decrease in the urinary excretion of oxalate 

was observed in both the preventive 

groups (III and IV; P<0.01), but in the 

treatment groups (V and VI), not 

significant change was present in 

compared to the EG group (Table 2).  

Biochemical parameters: EG 

administration increased the values of 

blood urea and serum creatinine 

significantly as compared to the normal 

control group.  S. cordifolium extract 

showed the significant improvement in the 

renal parameters in the preventive groups 

(P<0.05). Renal parameters were non-

significantly improved in the treatment 

groups (Table 3).  

Histopathological evaluation: The 

normal control group and only received 

extracts groups had kidney with normal 

histology (Figure 1). EG treated rats, the 

epithelium of renal tubules revealed 

vacuolar degeneration and necrosis and 

glomeruli had become atrophy. Hyaline 

casts were observed in the most tubular 

lumen (Figure 2). In the preventive groups 

that received 200 and 400 mg/kg of S. 

cordifolium extract for 28 days, renal 

lesions including degenerative changes and 

necrosis of the epithelial tubules reduced, 

and less hyaline casts were present in their 

lumens (Figure 3). No remarkable 

difference was observed between two 

treated groups. Also, induced injuries by 

EG decreased in treated groups with 200 

and 400 mg/kg of S. cordifolium extract 

(Figure 4). No remarkable difference was 

observed between concentrations. 

 
 

Table 1. Effect of ethanolic extract of aerial parts of Smyrnium cordifolium Boiss on the urine volume (ml/24h) 
in different groups of rats. 

Group VI Group V Group IV Group III Group II Group I  

3.9±0.05 4±0.05 4.3±0.05 4.1±0.05 4.1±0.05 4.4±0.05 0th day 

2.9±0.05# 2.7±0.05# 4.6±0.05** 4.2±0.05** 2.5±0.05* 4.3±0.05 28th day 

All values are expressed as mean ± SEM. n=6 for all groups. *P<0.01 as compared to group I, **P<0.05 as 

compared to group II, #P<0.01 as compared to group I, III and IV. 

 

 
Table 2. Effect of ethanolic extract of aerial parts of Smyrnium cordifolium Boiss on urine oxalate (mmol/24h) 
in different groups of rats. 

Group VI Group V Group IV Group III Group II Group I  

0.39±0.05 0±47.05 0.52±0.05 0.38±0.05 0.41±0.05 0.4±0.05 0th day 

1±0.05 1.2±0.05 0.6±0.05** 0.92±0.05** 1.5±0.05* 0.37±0.05 28th 

day 

All values are expressed as mean ± SEM. n=6 for all groups. *P<0.01 as compared to group I, **P <0.01 as 

compared to group II. 

 

 
Table 3. Effect of ethanolic extract of aerial parts of Smyrnium cordifolium Boiss on biochemical parameters in 

different groups of rats. 

Group VI Group V Group IV Group III Group II Group I  

83.39±0.05 65±47.05 38.52±0.05** 54.38±0.05** 125.41±0.05* 35.4±0.05 Blood Urea(mg/dl) 

1.81±0.05 1.92±0.05 0.7±0.05** 0.82±0.05** 2.5±0.05* 0.6±0.05 Creatinine(mg/dl) 

All values are expressed as mean ± SEM. n=6 for all groups. *P< 0.01 as compared to group I, **P<0.01 as 

compared to group II. 
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Figure 1. Normal histology of kidney with light eosinophilic cytoplasm (arrow) and vesicular nuclei in the 

Normal control group of the rats under study. 

 

 

Figure 2. Histopathological status of the kidney in treatment groups of the rats under study. A) Ethylene glycol 

group; severe degeneration and necrosis (arrow) as well as glomeruli atrophy and dilation of urinary space 

(asterisks). B) Presence of hyaline casts (arrowheads) in the most of tubules (HE, Bar= 100 µm). 

 

 

Figure 3. Histopathological status of the kidney in the Preventive group of the rats under study. Reduction of 

vacuolar degeneration (arrows), necrosis and hyaline casts in the tubules after reception of Smyrnium 

cordifolium Boiss extract (HE, Bar= 100 µm). 
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Figure 4. Histopathological status of the kidney in the Treatment group of rats. Reduction of vacuolar 

degeneration, necrosis and hyaline casts in the tubules due to Smyrnium cordifolium Boiss extract (HE, Bar= 

100 µm). 

Discussion 

Our data demonstrated that aqueous 

extract of stem and leaves of S. 

cordifolium had a preventive effect on 

kidney calculi formation in the kidney of 

rats. The aqueous extract also decreased 

the number of CaOx calculi in the treated 

group and therefore, demonstrates a 

therapeutic effect, albeit trivial, on the 

disruption of CaOx calculi formed in the 

kidney due to EG consumption. The S. 

cordifolium extract with the dose of 400 

mg/kg had a significant preventive effect 

on the formation of CaOx kidney calculus. 

To our knowledge, this is the first report 

on the effect of aqueous extract of the S. 

cordifolium on the prevention and 

treatment of CaOx calculi. 

Calcium oxalate crystals in the nephrons 

cause damages of the epithelial cells, and 

consequently produce free radicals and 

some components inducing heterogenous 

crystal nucleation that result in aggregation 

of crystals (14). It has been reported that 

CaOx calculi similar to the struvite calculi 

may have a bacterial origin (15). Khan 

ahmadi et al (2015) studied the antioxidant 

and antibacterial activities of soluble 

compounds in extracts from the aerial parts 

of fresh S. cordifolium Boiss. They 

reported that the extracts of this plant 

contain antioxidant and antibacterial 

activities (16).  

In urinary calculi, the glomerular filtration 

rate (GFR) decreases, due to the 

obstruction of the urine outflow by urinary 

stones. Therefore, the waste products 

particularly nitrogenous substances such as 

urea, creatinine and BUN accumulate in 

blood. EG increases blood urea and 

creatinine levels significantly due to 

impairment in renal function. EG has two 

toxic metabolites; glycolic acid, which is 

responsible for the acidosis, and oxalic 

acid, which precipitates as calcium oxalate 

monohydrate (COM) in the kidney, and 

causes proximal tubular cell necrosis. The 

toxic effects increase free radical 

production and lipid peroxidation (17). EG 

is metabolized into glycolaldehyde acid, 

glycolic acid, glyoxylic acid, and oxalic 

acid. The formed oxalic acid is largely 

excreted in urine as oxalate. It is 

precipitated by calcium ions to form CaOx 

crystals (18). 

In the present study, S. cordifolium extract 

had significantly decreased degenerative 

changes and necrosis of the proximal 

tubules, and also levels of creatinine and 

urea in the different experimental groups. 
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Diuretic action is also needed to increase 

the amount of fluid going through the 

kidneys and flush out the deposits. 

Increasing urine volume reduces the 

saturation of the salts and prevents the 

precipitation of the crystals at 

physiological pH (19). S. cordifolium 

Boiss is a spring plant which was 

traditionally used as diuretic plant and 

expellant for kidney stones (20). 

In the present study, the histopathological 

findings supported the data obtained from 

biochemical and urine analysis. However, 

EG treated group which showed swelling 

and vacuolar degeneration of the tubular 

epithelium as well as hyaline cast in the 

tubular lumen that indicate excretion of 

protein through the glomeruli but those 

from treated rats were apparently of near 

normal architecture with very few crystals 

and deposits. The effect was more 

pronounced in higher dose group.  

Calcium oxalate crystals and high levels of 

oxalate in the nephrons can damage the 

epithelial cells, and consequently, the cells 

may produce some products as well as free 

radicals, inducing heterogeneous crystal 

nucleation and cause aggregation of 

crystals (13).  

The exact mechanisms through which S. 

cordifolium extract affects CaOx calculi 

are still under debate. It is speculated that 

S. cordifolium extract could prevent the 

formation of CaOx calculi and their 

disaggregation through its anti-

inflammatory and antioxidant mechanisms. 

Furthermore, extract may interfere with the 

process of epithelial cell damage induced 

by crystals. Several studies have reported 

that flavonoids have anti-inflammatory and 

antioxidant effects (21). It can be 

speculated that of the role of the S. 

cordifolium extract in preventing 

formation of CaOx calculi and disruption 

of them, as seen in the present study, is in 

part due to the anti-inflammatory and 

antioxidant effects of the different 

compounds of extract.  

Conclusion 

The present study was conducted to 

evaluate the antiurolithiatic activity of 

ethanolic extract of aerial parts of S. 

cordifolium. We could find that the extract 

of stem and leaves of S. cordifolium 

significantly decreased the number and 

size of CaOx deposits in different parts of 

the renal tubules. The antiurolithiatic 

activity of the plant may probably be due 

to synergism of diuretic activity, 

crystallization inhibition and improved 

renal function along with antioxidant 

activity. It also seems that the preventive 

properties of ethanolic extract are more 

effective than its treatment effect. Further 

studies on larger animal models and on 

human are required to draw final 

conclusions. 
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